Periodic arrays of topologically stable vortices called skyrmions were first predicted and observed in cubic chiral crystals of the B20 structure type [1, 2, 3] . These systems host a zero-field helical "screw" ground state of relatively long helical pitch λ~10-200 nm, emerging from a competition of Heisenberg exchange and DzyalochinskiiMoriya (DM) interactions derived from spin-orbit coupling (SOC) [4] . Finite magnetic 3 field together with thermal fluctuations can induce a hexagonal skyrmion lattice phase (SkL), often described approximately as a linear superposition of three helical modulations, in a narrow window region in the temperature-magnetic field plane of the phase diagram [1, 4, 5] .
Recent theoretical and experimental work has clarified that DM interactions and other SOC effects are not a prerequisite for SkL formation, and skyrmions can be realized even in materials with inversion symmetry [6] . Such centrosymmetric structures, where DM interactions are expected to be absent or to cancel out globally, are distinguished by energetic near-degeneracy of left-and right-handed screws as well as Néel and Bloch type spin helicities [6, 7, 8] .
Two routes towards the realization of a SkL and related topological vortices in centrosymmetric compounds have been theoretically proposed so far, by taking triangular-lattice spin systems as the archetypal target: (1) In triangular-lattice magnets with frustrated nearest neighbor interactions, the helical ground state expected for a certain range of exchange parameters [9] is predicted to transition into a SkL upon the application of a magnetic field [7] . The SkL is promoted by thermal fluctuations and further stabilized by easy-axis anisotropy [10] . (2) Considering a model Hamiltonian of conduction electrons coupled to local magnetic moments on the triangular lattice, topological vortices were found to be stable even in zero field [11] . It was shown that biquadratic effective interactions between local moments of the type ~K (Si • Sj) 2 are essential for skyrmion formation [12, 13] . In fact, it was reported recently that the triangular-lattice compound Gd2PdSi3 can show spin-vortex lattices, including a SkL [14] . An important remaining question is however whether skyrmions and related topological spin-vortex lattices are present in a broad range of centrosymmetric materials with conduction electrons and local magnetic moments.
Centrosymmetric Gd3Ru4Al12 crystallizes in a hexagonal structure with weak anisotropy in the magnetization and transport properties [15] [16] [17] [18] [19] . For illustrative purposes, we decompose the structure into buckled Ru4Al8 layers and perfectly planar Gd3Al4 sheets stacked along the crystallographic c-axis (Fig. 1a) . The magnetic moments at the rare earth (Gd) site form a 'breathing kagomé' network ( Fig. 1b) , equivalent to a triangular lattice of plaquettes formed by trimerized Gd spins [17, 19] . The center of inversion is located in the Ru4Al8 layer [15, 18] . In our fully refined crystal structure, the ratio between nearest (r) and next nearest (r') neighbor Gd-Gd distances is r/r'=0.73 (Fig.   1b ).
In good agreement with previous reports [17, 19] , we observe Curie-Weiss behavior in the magnetic susceptibility at temperature T > 200 K ( all suggest successive evolution of order parameters, as is frequently the case in magnets with competing interactions [20, 21, 22] . Microscopic evidence for the phase transitions in zero field was obtained using resonant elastic x-ray scattering (REXS) with polarization analysis at the detector, where sinusoidal magnetic order in the hexagonal a-b plane at TN2 = 18.6 K can be separated from the onset of three-dimensional helical order at TN1 = 17.2 K (Fig. 1f , see Methods). Six directions of the magnetic modulation vector q are equivalent by symmetry; we label three of these directions by q1, q2, and q3 ( (Fig. 2a, [18] ).
In anticipation of the REXS results of Fig. 3 , we label this cornucopia of competing magnetic states as helical (H), transverse conical (TC), fan-like (F), skyrmion lattice (SkL), field-aligned ferromagnet (FA-FM), and the as-yet unidentified phase V (Fig. 2a) .
Strong first order phase transitions separate the TC and SkL states from neighboring magnetic orders.
Out of this large number of magnetic phases, the SkL is distinguished by a large topological Hall effect (THE) due to the non-zero integer winding number of the magnetic texture and the resulting Berry curvature of conduction electrons [23, 24] . In 
The natural conclusion is that a metastable SkL state, with its largely enhanced σxy(T),
can be sustained at the lowest temperatures in the FC experiment, where the SkL is absent under ZFC conditions. This behavior suggests the stabilization of the SkL by thermal fluctuations. The point of divergence between the ZFC and FC curves at T=5-8 K 7 marks the first order phase transition between the TC and SkL states in our phase diagram (Fig. 2a,c , black open squares).
We proceed to study the field-induced magnetic phases using REXS (Fig. 3) , 
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We have also studied REXS in the SkL phase at T = 7 K, μ0Hint = 1.5 T under field cooling. In this experiment, the three reflections (7+q, 0, 0), (7, q, 0) , and (7+q, -q, 0) -corresponding to q1, q2, and q3 in the inset sketch of Fig. 3l -were chosen. We find very strong Iπσ (q3)~ m 2 ⊥q,c but weaker Iπσ(q1) and Iπσ (q2), a telltale sign of the fan-like state (Figs. 3j-l) . The large fan-like signal in this experiment likely arises due to the proximity to a first order phase transition and associated phase separation. Crucially, there is also Armed with the knowledge of incommensurate magnetic order in the SkL phase, we attempt a semi-quantitative analysis of the THE in this material. In the continuum approximation, the emergent magnetic field from triangular lattice skyrmion textures is Bem = -(h/e)√3/(2•λ 2 ) ≈ -460 T [5, 23] . This enormous effective field is related to the topological Hall resistivity through the normal Hall coefficient R0, the volume fraction of the skyrmion phase fV, and the spin polarization P of conduction electrons [5] ρyx
After extraction of the topological Hall conductivity σxy THE (Fig. 2b) , we estimate the topological Hall resistivity as ρyx THE = σxy THE •ρxx 2 . From this, the value of R0 extrapolated 9 from higher temperatures [18] , and for fV = 20-100% in phase SkL we obtain P = 0.01-0.05 (higher fV corresponds to lower P). These values of P appear reasonable compared to related materials such as Gd2PdSi3 (P = 0.07) [14] . Note that very small λ of the magnetic texture as compared to the lattice spacing may render the continuum approximation underlying Eq. (2) 
